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I. Summary
• We report Thermal Desorption Chemical Ionization 

Mass Spectrometer (TDCIMS) measurements of the 
composition of ambient 10 – 33 nm diameter particles 
formed from nucleation in Tecamac, Mexico during the 
Megacity Initiative: Local and Global Research 
Observations (MILAGRO) field study. 

• On this day, nucleated particles contained far more 
organics than sulfates : average ion molar ratios with 
measurement uncertainties for nitrate, organics and 
sulfur species were 6 ± 2%, 84 ± 5%, and 10 ± 1%, 
respectively. 

• The measured organic species include nitrogen-
containing organic compounds, organic acids, and 
hydroxy organic acids. 

• Independent calculations show that sulfuric acid 
condensation could have accounted for only 10 ±2% 
of the growth that was observed on this day, which is 
consistent with the TDCIMS measurements of 
composition. 

• It follows that organic compounds play a dominant 
role the high growth rates that were observed .

Measurement Principle

The TDCIMS is an instrument that is capable of measuring the 
molecular composition of particles with diameters from 8 to 30 
nm at ambient concentrations in the atmosphere. 

In the experimental setup (above), particles are charged, size 
resolved, and then collected by electrostatic deposition onto a 
platinum (Pt) filament. The collection time varies with particle
size and concentration, but usually ranges from 5 – 15 min.  
Then the filament is slid into the ionization region of an 
Atmospheric Pressure Chemical Ionization Mass Spectrometer 
(APCI-MS), where it is resistively heated at atmospheric 
pressure to evaporate the aerosol.  In the present study, ions 
are created from the neutral species thermally desorbed from 
particles through either proton or electron transfer with 
(H2O)nO2- (with n estimated to be from 1 to 4). Ions are then 
transferred to a triple quadrupole mass spectrometer for mass 
analysis.

II. Thermal Desorption Chemical 
Ionization Mass Spectrometry

III. Observations: New Particle 
Formation and Growth

V. Implications for the Production 
of CCN by New Particle Formation

IV. TDCIMS Measurements on 
16 March 2006

Our analysis will focus on a new particle formation event from 
16 March 2006, in which intense particle production and 
growth occurred at a time in which all crucial measurements 
required for our analysis were performed. A manuscript based 
on these data is in press [Smith et al., GRL, 2008].

VI. Conclusions
1. Models that include aerosol formation and growth may 

underestimate the impact of new particle formation on 
cloud processes by as much as several orders of 
magnitude. 

2. The recognition of the importance of organic compounds in 
these particles highlights the need to understand the 
processes by which organic compounds transform into 
compounds with extremely low volatilities. 

3. Much of the identified organic ions contain N.  TDCIMS 
measurements on the following day (17 March) identified 
dimethyl amine in 8 – 12 nm diameter particles [Smith et 
al., JGR, in preparation].

a. b.

Recent Improvements

The most important development for the detection and 
quantification of organic compounds using TDCIMS has been 
a temperature programmed thermal desorption scheme 
similar to that developed by Ziemann and colleagues. The 
current that resistively heats the filament is varied over time by 
a combination of stepwise changes and linear ramps. This has 
two advantages:

1. It separates the desorption of molecular constituents in 
time so that reagent ions are not depleted by high 
concentrations of analyte. 

2. It provides information on the volatility of the aerosol 
constituents  (see below).

Butanedioic acid: Thermograms of main fragments.
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TDCIMS sensitivity to directly applied dicarboxylic acids.  
Major fragments are the deprotonated parent ion, [M-1]-, 
and loss of formic acid from deprotonated parent, [M-47]-

Size Distributions

In March 2006 the UMN/NCAR team made measurements 
with the TDCIMS at a ground-based site located in Tecamac, 
Mexico, about 40 km N of the center of Mexico City as part of 
the MIRAGE-Mexico field study. The particle formation events 
observed in Tecamac were unlike any they had seen. New 
particle formation was so vigorous that sub-10 nm particles 
were constantly being formed even as the particles were 
growing rapidly by condensation of low-volatility vapors. This 
phenomenon, looks like a tomato when plotted as a time 
series of particle size distribution, so we refer to these as 
“tomato events.” Plotted below are particle size distributions 
for all of the days of the campaign, along with calculated “L”
factor values based on measured sulfuric acid.  L<1 implies 
that the formation rate of small particles is greater than loss 
rates to pre-existing particles.  
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Measurement of Diameter Growth Rates

Growth rates for the 16 March event were calculated using a 
newly developed technique that allows for the estimation of 
growth rates when it is difficult to follow the peak of the 
evolving particle size distribution in time. This method 
assumes that the dependence of ambient aerosol charged 
fraction on diameter is controlled by condensational growth 
and collision with ambient ions. The size-resolved charged 
fraction was measured using a scanning mobility particle sizing 
system that alternately sampled neutralized and naturally 
charged aerosol. Ambient ions were measured using an 
Inclined Grid Mobility Analyzer.
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Contour plots of the particle number distribution (dN/dlogDp, cm-3) 
measured by the SMPS system and positive small-intermediate ions 
measured by the IGMA are shown respectively in (a) and (b), while the 
concentration of H2SO4 vapor and 3-5 nm particles are shown in (c). 

The figure below shows one such tomato event that occurred 
on 21 March 2006. The shape of this size distribution made it 
particularly challenging to calculate the growth rates, since the 
peak of the distribution of the growing nanoparticles was 
obscured by the new sub-10 nm particles that were 
simultaneously being formed. A new technique [Iida et al., 
JGR, 2008], allowed the accurate determination of the growth 
rate during these tomato events that employed an additional 
measurement, the fraction of ambient nanoparticles that were 
charged. 

During the new particle formation event on 16 March, the 
TDCIMS measured particles with mobility diameters chosen to 
correspond to the peak of the evolving size distribution, 
represented by the black line in the above figure. Samples 
were collected for 5 min.  During sample analysis the 
desorption temperature was linearly ramped from room 
temperature to 500 °C over a period of 90 s.  The up per 
temperature was selected to ensure desorption of non-
refractory constituents. 

What is the consequence of this research? Current models 
that include the growth of newly formed particles during this 
event would account for the 10% contribution of sulfuric acid to
growth rates but entirely miss the 90% contribution of the 
organics. The result, if generally true, is that most models 
underestimate the impact of new particle formation on 
cloud processes. A further analysis of the 16 March data 
elucidates this point.

Growth by H 2SO4 Only

The result of the TDCIMS analysis, shown in the above plot 
and table, is that about 84% of the detected ions are organic, 
comprising of organic acids, hydrocarbon-like species, and 
nitrogen-containing organic compounds. Particulate sulfate 
which arises from the condensation of sulfuric acid vapor 
constituted only 10% of the detected ions, and nitrate 
comprised 6%. 

Plot (a) above shows the modeled growth for the 16 March 
event for the case where all of the growth were due to 
condensation of sulfuric acid.  The red dashed line traces the 
peak of the growth mode in such a case.  Plot (b) shows the 
probability that a newly formed 3 nm particle reaches a 
diameter indicated on the abscissa, for the cases in which 
coagulation loss is considered (PCL) and both loss and growth 
of the mode by coagulation is considered (PCL+CG).  Note that 
particles that survive until the end of the event w ould only 
grow to be ~50 nm, and only 1% of the original popu lation 
of 3 nm particles survive to this size. The ultimate fate of 
these particles will determine their relevance to cloud 
formation, although growth is not expected to continue in the 
nighttime.  
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The plots shown above consider the observed growth, which 
as discussed in Section IV is about 10x that which can be 
attributed to sulfuric acid.  The black dashed line in (a) traces 
the peak of the observed growth mode.  Plot (b) shows the 
probability that a newly formed 3 nm particle reaches a 
diameter indicated on the abscissa, again for the cases in 
which coagulation loss is considered (PCL) and both loss and 
growth of the mode by coagulation is considered (PCL+CG).  
Note that particles survive to grow to sizes that c an be 
considered as CCN starting at ~18:00 (about 1% of t he 
original 3 nm population grow to this size).  Growth 
continues until 22:30, where the largest particles grow to be 
200 nm (about 0.1% of the original population).

While it is difficult to assign definite climatic implications to the 
results of this analysis, it is clear that during the 16 March 
event, rapid particle growth allowed particles created by 
nucleation to become CCN a few hours following their 
formation.  This result would not have been obtained if particle
growth were attributed only to sulfuric acid condensation.

Observed Growth
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a.

Comparison of inherent growth rates obtained from 
evolution of the particle size distribution, GRPSD, and from
the charged fraction versus size, GRf .  Values of GRf

obtained with and without the effects of coagulation and 
scavenging are shown.

Experimental arrangement for determining size-
resolved charged fraction.

Measurements of gaseous sulfuric acid showed that it was 
insufficient to account for the observed growth rate of 22 nm 
hr-1. The calculated growth rates based on these 
measurements of sulfuric acid, in which we assume that every 
sulfuric acid molecule that collides with a particle sticks to the 
particle and becomes particulate sulfate, amounted to 10% of 
the observed growth rate. This result that sulfuric acid 
contributes to 10% of particulate mass, based only on 
measurements of particle growth rate and sulfuric acid vapor 
concentration, is the exact same conclusion that one might 
draw from TDCIMS measurements if the detected ions 
correspond to the actual species present in particles. This 
latter issue, the extent to which detected ions correspond to 
the species in the particles, is the primary focus of current 
laboratory development with the TDCIMS. 


